Abstract-Due to the high distress on the environmental pollution and energy shortage from the last couple of decades, the renewable energies has been of much interest and to be specific the wind power has been developed to a very great extent in last few years. This paper proposes a simple technique to achieve low voltage ride through of DFIG based power generating station. A thyristor controlled voltage regulator (TCVR) on the low voltage side of the DFIG is used to compensate the grid voltage if voltage sag occurs and hence reducing the rise in DC link voltage and also effectively reduces the rotor current under limit during the fault. The simulation work will be carried out using MATLAB/Simulink software and the results will be verified.
I. INTRODUCTION
Amongst the different renewable energies, wind power has been developed rapidly and will play a major role in the future. The most widely used generating principle in wind turbines are the Double Fed Induction Generator (DFIG). The large wind farms use the DFIG wind turbine because of its favorable conditions such as low cost, simple structure, operates on variable speed, having the control capabilities of active and reactive power (partial control), reduced converter cost, reduced power losses, efficiency of the DFIG is very good and many more such advantages in wind power applications over a conventional induction machine. The occurrence of faults in the power system results in the voltage dip (sag) at the WT terminals. Due to this voltage dip, surge currents in stator windings and surge currents in the rotor windings are initiated. As a result of this, a DC voltage ripple is generated at the DC bus due to the imbalanced power flow from the RSC TO GSC. Hence proper protection equipment must be installed to take care of the surge currents and the DC voltage ripple, in the absence of protection equipment the RSC and DC link capacitor will be damaged or exploded.
Presently, renewable energy power 5 MW DFIG has been developed successfully and used for offshore wind power generation. The DFIG rated capacity is greater compared to the converter capacity of the wind turbine, hence when voltage drop occurs, the over-current gets injected in the rotor and over-voltage appears at the DC bus of the system resulting in the grid getting disconnected from the wind turbine. [11] To achieve Low Voltage Ride Through (LVRT) at the time of grid faults, we must overcome two main problems they are: rotor fault current that exceeds the RSC and DC link over voltage. Presently these two problems related to the LVRT control is being concentrated by the domestic and international research of LVRT.
[9] In the rotor circuit, the rotor-side over-current problem is overcome by installing a crowbar device. But certain studies have shown that the inclusion of crowbar devices not only limits the fault suppression capability of the system but also increases the consumption of reactive power. [12] Also the addition of series resistance in the grid side can decrease the peak value of electromagnetic torque and help in achieving zero-voltage ride-through. [2] [3] Also by using "zero voltage vector" the DFIG connected with a series grid-side converter achieves good LVRT. [4] Further studies use a "feed forward transient current control method" which shows good control capability. Also the use of battery energy storage, super capacitor and DVR has been adopted to achieve LVRT. [7] [8] [10] .
II. PROBLEM SET UP
The main objective of this project is to adopt a simple control method comparatively to the other methods. In this project a TCVR (Thyristor Controlled Voltage Regulator) is installed on the LV side of the wind farm substation i.e. in series with the DFIG wind turbine and the grid. When voltage drop (sag) occurs, the grid-side voltage is fairly compensated depending on the level of voltage drop so as to improve the Doubly Fed Induction Generator (DFIG) stator voltage. A 6MW DFIG wind power system model with the proposed control strategy has to be established for the simulation of wind turbine operating characteristics under severe symmetrical fault conditions. The model is established using MATLAB and the system is simulated, by using the obtained simulation results, we can show that the used control strategy can reduce the peak of transient flux, by limiting the rotor current and also, by suppressing the dc-link over-voltage at the time of fault. Thus, LVRT is achieved.
III. LVRT CONTROL METHOD
In electrical power systems, the ability of electric generators to stay connected to the grid in periods of voltage dip (or lower electric network voltage) is called as Low-Voltage Ride Through (LVRT), or Fault Ride Through (FRT), sometimes it is also termed as Under-Voltage Ride Through (UVRT). The main objective of this paper is focused on  Controlling the active and reactive power transaction amongst DFIG and grid network.  Achieving highest power tracking in a specific wind speed range by adjusting speed of motor. The model of Doubly-Fed Induction motor is directly accessible in MATLAB; hence the fundamental aim of modeling is to assemble wind turbine and the two converters i.e. rotor side converter and grid side converter connected back to back. A 6 MW DFIG has been established using MATLAB and the results are studied.
1.
Control method of TCVR When the grid voltage drop (sag) occurs, the residual voltage is used to limit the DFIG stator and rotor transient current, by installing a Thyristor Controlled Voltage Regulator (TCVR) in series with the LV side of wind farm substation. The TCVR increases the Grid-Side voltage very quickly, and also prevents the dc-link over-voltage without introducing any harmonic into the grid of the system. The TCVR only changes the power flow distribution and does not produce active or reactive power. The figure-1 shows a Single TCVR block, in which the thyristors are placed in anti-parallel also such an arrangement is equivalent to a two-way switch.
Fig 1 -Single TCVR block
By controlling these four switches (1, 2, 3, 4 from the figure), we can obtain three different voltage values -Ѐ, 0, +Ѐ. However, a single TCVR block gives only 3 output voltages. For correct operating conditions the output voltage of the TCVR needs to be expanded to obtain a wide range of voltages to compensate the DFIG grid-side voltage close to the normal voltage. To achieve a wide range of TCVR voltage a simple method is adopted where a series of single-blocks are cascaded to obtain different voltage levels. 
2.
LVRT Control Principle The stator winding of DFIM generator system straightforwardly associated with grid. At the time of grid faults, the system reaction is dictated by the response of the generator. This can be clarified by utilizing the identical circuit outline shown below. ……. (2) ……. (3) …… (4) By subtracting (1) and (2), we get ……. (5) Equation (5) shows that any change on the L.H.S of the equation will result in variation or alteration of currents of stator and rotor, which leads to changes in torque, and changes in active power and reactive power. Thus immediate voltage compensation required. The characteristics of stator current are obtained by using the above system of equations and can be expressed as:
……. (6) Where,
Here, C -voltage drop coefficient on stator side. In right hand side of the equation  The first part ,is stator current component dictated by size of voltage drop  Then , is the DC component of transient current.  Then , is AC component which represents a large portion of the transient current Considering Equation (6), we see residual voltage, inductance, generator resistance and remaining components influences the stator fault transient current. Thus grid-side voltage is increased which helps to lessen the stator transient current, thereby diminishing the rotor transient current when grid voltage dip occurs.
WIND TURBINE POWER MODEL The wind turbine equation is expressed as:
…… (7) Represents the density of air Represents the wind velocity C p Represents the coefficient of wind energy efficiency and the value of this is maintained constant so as to achieve the MPPT. The input torque of DFIG is given by …….. V. CONCLUSION The wind turbine LVRT ability brings a large amount of difficulties to wind plants connected with the grid. The system stability problem occurs due to a large number of wind turbine disconnection which leads to reduced system frequency. This project proposes the use of TCVR to make it easier for the wind farm in achieving LVRT. Grid voltage compensated during fault to enhance grid-side voltage, lessening rotor transient current peak value is a good solution for achieving LVRT. The DFIG is built up in MATLAB. The results obtained after simulation shows that the technique utilized effectively reduces transient currents of both stator and rotor. The issues of dc-link over-voltage and speed surging are likewise comprehended, and this empowers the turbines to produce active and reactive power amid grid faults. While addition of TCVR increases cost of system, the technique is effective for the overall system. Further, the regulator is not capable of generating real and reactive power and does not have zero voltage ride-through ability.
VI. FUTURE SCOPE
This method can be used as protecting equipment to the turbines during low voltage without injection of any harmonics. The number of blocks in the voltage regulator can be further expanded to achieve a wide range of voltages and grid is supported during voltage variations.
